Using an ordinary cloud chamber, Anderson (1933) measured the average angle of scattering of cosmic-ray particles of energy up to 3 x 108 e-volts in a lead plate of thickness 1*1 cm. Williams (1936) pointed out that, in such experiments, the scattering is multiple, and that the observed values agreed with the theoretical predictions, assuming the particles to be electrons. Recently Neddermeyer and Anderson (1937) have made some new measure ments using a counter-controlled cloud chamber and a 1 cm. platinum plate. No numerical results are given, but the observed scattering of particles of energy up to 5 x 108 e-volts, which appears to be the limit of the energy measurements, seems in rough agreement with the earlier results.
Using an ordinary cloud chamber, Anderson (1933) measured the average angle of scattering of cosmic-ray particles of energy up to 3 x 108 e-volts in a lead plate of thickness 1*1 cm. Williams (1936) pointed out that, in such experiments, the scattering is multiple, and that the observed values agreed with the theoretical predictions, assuming the particles to be electrons. Recently Neddermeyer and Anderson (1937) have made some new measure ments using a counter-controlled cloud chamber and a 1 cm. platinum plate. No numerical results are given, but the observed scattering of particles of energy up to 5 x 108 e-volts, which appears to be the limit of the energy measurements, seems in rough agreement with the earlier results.
Using the counter-controlled cloud chamber already described by Blackett (1936) and by Blackett and Brode (1936) , the multiple scattering of cosmic-ray particles of energy up 9 x 109 e-volts in lead and copper plates has been measured. In order to make such measurements possible, it is necessary to reduce as far as possible the distortion of the tracks in the chamber. The technique by which this can be achieved has been described by Blackett and Wilson (1937) in connexion with the measure ment of the energy loss of rays in traversing metal plates. In fact, the photographs taken for the measurement of the energy loss were, amongst others, found suitable for the measurement of the scattering. The angle of scattering was measured by means of a goniometer eyepiece attached to a travelling microscope. The cross-wires were set tangentially to the track, first on one side and then on the other side of the plate. The mean of the two measured angles of deflexion, obtained from the two stereoscopic photographs, was taken as giving the projection on the plane of the chamber of the actual angle of scattering.
This measured deflexion Q m of each track was corrected for three sources of error. The first is the random error of the angle measurements, due to random chamber distortions and setting errors. An upper limit of 0-16° of arc for the probable error due to this cause was obtained by assuming Vol. CLXV. a .
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that the rays of high energy ( Hp>3 x 107 scattering, so that all the observed scattering was taken as due to errors.
The second is a small systematic deflexion due to chamber distortion, which amounted to about 0*04° of arc. Both these are small compared with the measured mean angles of scattering, except for the highest energies.
The third error is the systematic one due to the curvature C of the track in the field.* If the two angle settings be made at a distance d apart, the change of direction of the track between the two points due to the field is d1 = Cd. This error is additive or subtractive, according as the sign of the measured angle 0m of scattering is in the opposite, or in the same, direction as the deflexion 0X due to the curvature. For a 1 cm. plat 2 cm., but its exact value depends somewhat on the particular observer's method of setting the cross-wires. For any group of tracks of neighbouring energy, the value of d1 can be obtained directly from the measurements of the mean apparent scattering angle. It is simply given by the algebraic mean of the measured deflexions 0m of all the tracks, these being taken as, say, positive, when Q m and 0X are of the same sign, and negative when they are of opposite sign. Since the observed mean scattering is found to be nearly proportional to the curvature of the track (that is inversely pro portional to the energy), it follows that the above correction is nearly the same fraction of the mean scattering angle at all energies. Though this fraction is about 4 0 % for the tracks traversing 1 cm. Pb in 10,000 gauss, the uncertainty in the mean scattering angle due to the uncertainty in the magnitude of the correction 0X is quite small, certainly less than 5 %, since in about half of any group of tracks the correction is additive and in the other half must be subtracted.
The results are given in Table I . The first column gives the range of energy of the group of tracks, calculated from E = 300 Hp e-volts, that is, assuming their mass to be electronic. The value of Hp for each track is taken as the mean of the values above and below the chamber. The second column gives the harmonic mean of the energies of the tracks in the group, followed by the corresponding mean values of Hp, and then by the number of tracks. The fifth column gives the arithmetic mean angle of the measured deflexions, corrected for the three sources of error. The last two columns give the theoretical value a, and the ratio of the observed to the theoretical value respectively. 
Comparison with theory
Williams (1936, 1938) has shown that the theoretical value of the arithmetic mean projected angle oc of scattering of a particle of mass M, and unit charge, and velocity v very nearly c, in a plate of thickness t, which contains N atoms, of atomic number per cm.3, is given approxi mately by 4 Z W N log{2nNtZ^Xl),
where £= (1 -v2/c2)_i, and A0 is the Compton wave-length. Since .
Hp = Mc^/e,when £>1,
we have a =
Z ê t y^ g Hp
and Williams points out that this expression does not depend on the mass of the particle. It is seen that the mean angle of scattering should be inversely proportional to the measured of the rays. The values of a calculated from (2) are given in Table I . In the last column is given the ratio 0 /a of the observed to the calculated angle of scattering. Since these values are all of the order of unity, it can be concluded that the theoretical expression (2) is roughly verified for both lead and copper. For lead, this rough verification extends over a range of Hp of 60 to 1. The corresponding range of energies, assuming the mass of the particles to be electronic, is from 7 x 107 to 4-6 x 109 e-volts.
It can be seen from fig. 1 , which shows the results graphically, that the agreement between theory and experiment is good for values of Hp up to about 6 x 106 gauss-cm., but that for higher energies the observed values are greater than those calculated. At these higher energies the energy measurements are least accurate, and so the possibility of some unexpected source of error is greatest. One might therefore reasonably look for the discrepancy in the systematic errors in the measured energies due to the random errors of measurement. But the discussion of § 6-2 of the paper by Blackett and Wilson (1937) suggests this effect is too small, and probably also of the wrong sign. Some part of the discrepancy may be attributed to a possible inaccuracy of the theoretical formulae. Various approximations are made in its derivation, and a more exact treatment may alter the form of (1) appre ciably. More detailed calculations have been made by Williams (1938) which show that, if the non-gaussian part of the scattering is taken into account, and if the shielding of the atomic electrons is allowed for by the use of a Fermi-Thomas atomic field, the theoretical values are increased by about 20 %. This correction seems too large at the lower energies and not large enough at the higher energies, in order to bring agreement between theory and experiment.
It is not thus possible to say wfith any certainty whether the apparent excess of the observed scattering of the rays of high energy over that predicted is real or not. Further experiments with a 2 cm. gold plate are in progress to test this. If it proves to be real it is possible that it is associated with the process of energy loss shown by Wilson (1938) to be of particular importance for energies of the order of 109 e-volts. Fig. 2 shows the distribution of the measured angles of scattering in a 1 cm. lead plate of all rays with Hp < 3 x 106 gauss-cm. In view of (2), it is the distribution of the product 6 x Hp, and not that of 6 alone, which is plotted. The distribution is approximately Gaussian as would be expected. The abscissae are n o t th e corrected deflexions, b u t th e pro d u cts of th e deflexion b y th e energy of th e particles.
D iscussion
Williams (1938) has pointed out that if the high penetration of the majority of the cosmic rays is explained by the assumption made by Neddermeyer and Anderson (1937) that the particles are heavier than electrons, one would still expect the normal scattering given by (2). Thus the fact that nearly the theoretical scattering is observed gives support for the view that it is by their greater rest mass that the penetrating rays are distinguished from radiating electrons. Williams further gives an argument based on the method of impact parameters, which leads to the view that any other way of reducing the radiation loss will also reduce the scattering and so bring disagreement with experiment. If this argument is valid it becomes certain that the mass of the penetrating rays must be greater than that of electrons.
It is interesting to note that the scattering of the rays shows no noticeable change at an energy of about 2 x 108 e-volts, although it has been shown by Blackett and Wilson (1937) , and by Blackett (1938) , that the mean energy loss of the rays changes very rapidly at about this energy. The particles whose scattering has been measured in the present work are almost all of the penetrating group, since the number of energetic electrons at sea-level is very small (Blackett 1938) .
Since Blackett and Wilson (1937) and Blackett (1938) have shown that the penetrating rays become electronic in character, when their energy falls below about 2 x 108 e-volts, it follows that the explanation of the remarkable change of property in this energy region must be sought, on this view, in a change of rest mass. But since it does not seem likely that the present quantum theory is adequate to describe this supposed change of rest mass, it will probably prove necessary to introduce some new physical principle to explain it, and this new principle may possibly invalidate the argument, which is based on existing theory, that a normal scattering and an abnormal radiation loss can only be explained by means of a heavy particle. Until therefore an adequate explanation of the change of radiative property has been found, it would be perhaps premature to conclude with certainty that the difference between the penetrating and the absorbable rays can only be explained by a difference in rest mass, though this explanation seems at present to be the most plausible.
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